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Figure 2A 
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POWER MANAGEMENT INDICATION 
MECHANISM FOR SUPPORTING POWER 
SAVING MODE IN COMPUTER SYSTEM 

FIELD OF THE INVENTION 

The present application relates to data communications 
and in particular to a System for providing power manage 
ment in a network controller. 

BACKGROUND ART 

The growing power need of computer Systems lead com 
puter manufacturers to develop computer System with power 
management capabilities. For example, a personal computer 
may be provided with a power management System to place 
the computer in a power-down mode when no activity is 
detected during a preset time period. As a result, the power 
consumption of the computer may be Substantially reduced. 

In a data communications network, Such as an Ethernet 
(IEEE 802.3) network, a network controller chip provides 
interface between a local bus of a computer System and 
network media. To reduce power consumption, when a 
computer System is placed in a power-down mode, the 
network controller chip also may be placed in a power-down 
mode. 

The CPU of the computer system performs power man 
agement operations using Software monitoring of the com 
puter system activity. However, the CPU does not directly 
monitor the network activity. Therefore, placing the System 
into a power-down mode can result in the loSS of data being 
transmitted to or received from the network. 
To prevent data from being lost during power manage 

ment operations, it would be desirable to provide the net 
work controller with a power management indication System 
that indicates to the CPU when the network controller may 
be safely placed into a power-down mode. 

DISCLOSURE OF THE INVENTION 

The present invention offers a novel method of providing 
power management in a computer System having a network 
interface module including a buffer memory and a media 
access control (MAC) block. The method comprises deter 
mining whether the System is inactive during a predeter 
mined time period. If so, activity of the MAC block is 
checked. If the MAC block is idle, the status of the buffer 
memory is determined. The System is placed into a power 
down mode if the buffer memory is empty. 

In accordance with one aspect of the invention, a network 
interface provided in a computer System controlled by a host 
and having power management capabilities for Supporting a 
power Saving mode, comprises a power management indi 
cation mechanism for providing the host with information 
on network activity when the System is placed in the power 
Saving mode. 

The power management indication mechanism may have 
a MAC indicator representing status of the MAC block 
activity. The MAC indicator may comprise a transmit idle 
indicator set to a preset state when the MAC block does not 
transmit data to the network and no data is waiting to be 
transmitted to the network. Also, the MAC indicator may 
comprise a receive idle indicator Set to a preset State when 
the MAC block detects no data to be received from the 
network. 

Further, the power management indication mechanism 
may have a buffer memory indicator representing Status of 
the buffer memory. The buffer memory indicator may com 
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2 
prise a transmit buffer empty indicator Set to a preset State 
when a transmit portion of the buffer memory is empty. Also, 
the buffer memory indicator may comprise a receive buffer 
empty indicator Set to a present State when a receive portion 
of the buffer memory is empty. 

Still other objects and advantages of the present invention 
will become readily apparent to those skilled in this art from 
the following detailed description, wherein only the pre 
ferred embodiment of the invention is shown and described, 
simply by way of illustration of the best mode contemplated 
of carrying out the invention. AS will be realized, the 
invention is capable of other and different embodiments, and 
its Several details are capable of modifications in various 
obvious respects, all without departing from the invention. 
Accordingly, the drawings and description are to be regarded 
as illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an exemplary 
network interface, which may be used for implementing the 
present invention. 

FIG. 2 is a block diagram illustrating transmit and receive 
data Streams via the network interface. 

FIG. 2a is a diagram illustrating the power management 
indication mechanism of the present invention. 

FIG. 3 is a flow chart illustrating power management 
operations of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention will be described with the example 
of a network interface in a packet Switched network, Such as 
an Ethernet (IEEE 802.3) network. It will become apparent, 
however, that the present invention is applicable to any 
peripheral device in any data processing System. 

FIG. 1 is a block diagram of an exemplary network 
interface 10 that accesses the media of an Ethernet (ANSI/ 
IEEE 802.3) network. 
The network interface 10, preferably, a single-chip, 32-bit 

Ethernet controller, provides an interface between a local 
buS 12 of a computer, for example a peripheral component 
interconnect (PCI) local bus, and Ethernet-based media 50. 
The interface 10 includes a PCI bus interface unit 16, a 

buffer memory portion 18, and a network interface portion 
20. The PCI bus interface unit 16 may provide an interface 
with an external CPU or other host via the PCI local bus. The 
PCI bus interface unit 16 may include a PCI slave interface 
16a and a DMA interface 16b. The slave interface 16a 
manages PCI control and Status information including read 
ing and programming of the PCI Status registers, and is 
configured for managing slave transferS via the PCI bus with 
a host CPU. The DMA interface 16b manages DMA trans 
fers by the network interface 10 to and from system memory. 
Hence, the PCI bus interface unit 16 can be selectively 
configured for PCI transfers in Slave and/or master (e.g., 
DMA) mode. 

In accordance with the PCI local bus specification, revi 
sion 2.1, the PCI bus interface unit 16 has an interrupt 
request output INTA/ used for supplying the CPU or a host 
with an interrupt request Signal. The network interface 10 
produces the interrupt request Signal to indicate that one or 
more of Status flags are Set. The Status flags may represent 
Such events as receive or transmit interrupt, System error, 
user interrupt, etc. 
A Control and Register (CAR) block 17 contains registers 

that support interactions between the PCI bus interface 16 
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and other blocks of the network interface 10. The CAR block 
17 has a register interface to the PCI bus interface 16 to 
allow read and write accesses to the registers. A decoder may 
be provided in the CAR block 17 to decode register address 
bits from the CPU to generate select signals for each of the 
registers. For example, the CAR block 17 may comprise a 
command register that decodes commands from the CPU 
and Sends command Signals to other blocks of the network 
interface 10. Also, the CAR block 17 contains an interrupt 
management block that manages the Signaling of interrupt 
events and the activation of the interrupt pin to Send inter 
rupts to the CPU. The interrupt management block includes 
interrupt registers, counters and timers for controlling inter 
rupts. Further, the CAR block 17 generates reset signals 
supplied to all other blocks of the interface 10, and provides 
input/output control. 
The memory portion 18 includes a 16-bit SRAM 18 

implemented directly on the network interface chip 10. 
According to the disclosed embodiment, the SRAM 18 may 
be segmented into a receive SRAM portion 18a and a 
transmit SRAM portion 18b for receive and transmit paths, 
respectively. 

The network interface 10 also includes a memory man 
agement unit (MMU) 24 controlling all transfers of data to 
and from the memory unit 18. The MMU 24 may be 
configured for managing DMA transfers via the DMA 
interface 16b. DMA transfers are managed based on DMA 
descriptors that specify start address, length, etc. The MMU 
24 initiates a DMA read from the system memory into the 
transmit SRAM 18b by issuing an instruction to the DMA 
interface 16b, which translates the instructions into PCI bus 
cycles. Also, the MMU 24 handles DMA data transfers from 
the receive SRAM 18a to the system memory via the PCI 
bus 12. Hence, the MMU 24 contains descriptor manage 
ment for DMA transfers, as well as pointers associated with 
Storing and reading data from the memory portion 18. 

The network interface portion 20 includes a media acceSS 
control (MAC) core 26, a general purpose serial interface 
(GPSI) 28, a media independent interface (MII) 30 for 
connecting to an external 10 Mb/s or 100 Mb/s physical 
transceiver (PHY), an external address detection interface 
(EADI) 32, an attachment unit interface (AUI) 34 having a 
Manchester encoder and decoder, and a 10/100 Mb/s twisted 
pair transceiver media attachment unit (MAU) 36. 

The network interface 10 also includes a network port 
manager 38 configured for performing MII handshaking 
between two devices on an MII bus via the MII port 30. Such 
MII handshaking is performed in accordance with the IEEE 
802.3 protocols, and may include link and programming 
information eXchange at the MII layer using a management 
data clock (MDC), and management data input/output 
(MDIO) paths defined in the IEEE 802.3 standard. 
The auto-negotiation portion 40 performs IEEE 

compliant negotiation with a link partner on the PHY layer 
to exchange data indicating whether the link partner is 
capable of operating at 10 Mb/s, 100 Mb/s, and whether the 
link should be half-duplex or full-duplex. 

The LED controller 44 selectively controls the generation 
of LED output Signals based upon the internal decoding 
logic and network interface status registers (not shown). The 
network interface 10 also includes an IEEE 1149.1- 
compliant JTAG boundary Scan test access port interface 36. 
The EEPROM interface 42 connects to an EEPROM on 

either a network interface adapter card or the motherboard of 
the host computer via a serial interface link. The EEPROM 
(not shown in FIG. 1) will be programmed with configura 
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4 
tion information related to the network interface, enabling 
the network interface to be configured during initialization 
via the EEPROM interface 42. Once initialized, the network 
interface Stores the configuration information in internal 
registers (not shown), enabling the network interface to 
operate independently of the host computer in the event the 
host computer is powered down. 

Thus, as illustrated in FIG. 2, the network interface 10 
supplies a receive data flow from the Ethernet network 50 
via a MAC receive block 26a to the internal receive SRAM 
buffer 18a. Then, the receive data from the receive SRAM 
buffer 18a are transferred via the bus interface unit 16 and 
the PCI interface 12 to the system memory 62. A transmit 
data flow from the system memory 62 is transferred via the 
PCI interface 12 and the bus interface unit 16 to the internal 
transmit SRAM buffer 18b that supplies the transmit data via 
a MAC transmit block 26b to the network 50. The memory 
management unit (MMU) 24 manages the internal receive 
and transmit data flows. 
The computer System that incorporates the network inter 

face 10 may have power management capabilities provided 
to reduce the power consumption. For example, the System 
may be placed in a power-down mode when no activity is 
detected during a preset time period. Power management 
operations of the system are performed by the CPU 66 using 
Software monitoring of System's activity. 

If the System is placed in a power-down, when the 
network interface 10 performs the transmission or reception 
of data to or from the network 50, the data being transmitted 
or received will be lost. Therefore, to Support power man 
agement operations, the network interface 10 is provided 
with a power management (PM) indication mechanism 68 
that prevents transmit and receive data from being lost. 
AS shown in FIG. 2A, the power management indication 

mechanism 68 includes a transmit SRAM empty indicator 
200, a receive SRAM empty indicator 202, a transmit idle 
indicator 204 and a receive idle indicator 206. 
The transmit SRAM empty indicator 200 may be pro 

vided in an MMU transmit register to indicate that the 
transmit SRAM buffer 18b is empty. For example, the MMU 
24 may set the transmit SRAM empty indicator 200 to 1, 
when the transmit SRAM buffer 18b is empty. 

The receive SRAM empty indicator 202 may be provided 
in an MMU receive register to indicate that the receive 
SRAM buffer 18a is empty. For example, the MMU 24 may 
set the receive SRAM empty indicator 202 to 1, when the 
receive SRAM buffer 18b is empty. 
The transmit idle indicator 204 may be provided in a 

MAC transmit register. The MAC transmit block 26b may 
set the transmit idle indicator 204 to 1 when it does not 
transmit data to the network 50 and there is no frame waiting 
to be transmitted to the network 50. 
The receive idle indicator 206 may be provided in a MAC 

receive register. The MAC receive block 26a may set the 
receive idle indicator 206 to 1 when it does not detect any 
receive activity on the network 50, i.e. when no frames are 
transferred to the system from the network 50. 
The CPU 66 accesses the transmit SRAM empty indicator 

200, receive SRAM empty indicator 202, transmit idle 
indicator 204 and receive idle indicator 206 to check net 
work activity before the System is placed in a power-down 
mode. When, the power management indication mechanism 
68 indicates to the CPU 66 that the receive and transmit 
SRAM buffers 18a and 18b are empty, no frame is being 
transmitted or is waiting to be transmitted to the network 50, 
and no receive activity is detected on the network 50, the 
CPU 66 may place the system into a power-down mode. 
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When the System is placed into a power-down mod,m the 
CPU 66 may issue an appropriate power management com 
mand to place the network interface 10 into a power man 
agement mode. The power management command may be 
issued by writing the corresponding value in the command 
register of the network interface 10. 

For example, in response to indications that the SRAM 
buffers 18a and 18b are empty and no transmit or receive 
network activity is detected, the CPU 66 may issue start 
magic packet mode command to place the network interface 
10 into a magic packet mode. In this mode, the network 
interface 10 will not generate any bus master transfers, and 
will initiate no transmit operations on the network 50. The 
network interface will continue to receive frames from the 
network 50 to detect a magic packet used to wake up the 
system, but all received frames will be automatically flashed 
from the receive SRAM buffer 18a. 

The magic packet is a frame that contains a preset data 
Sequence. The network interface 10 performs destination 
address match detection to detect the magic packet. For 
example, the magic packet may contain a data Sequence that 
repeats the matched physical address Sixteen times in a 
consecutive way. 
When the network interface 10 detects the magic packet, 

it resumes normal receive and transmit operations. Also, the 
network interface 10 provides a magic packet interrupt 
signal that asserts the interrupt pin INTA/of the PCI interface 
12 to wake up the System. 

FIG. 3 shows a flow chart that illustrates operations of the 
power management indication mechanism 68 when the 
computer System, which incorporates the network interface 
10, is placed into a power-down mode. When the CPU 66 
detects that the System is inactive during a predetermined 
time period (block 302), it checks activity of the network 50 
(block 304). The CPU 66 determines whether the transmit 
idle indicator 204 representing activity of the MAC transmit 
block 26b is set to 1 (block 306). If so, the CPU 66 checks 
whether the receive idle indicator 206 representing network 
receive activity is set to 1 (block 308). 

If the receive idle indicator is set to 1, the CPU 66 
determines the status of the receive SRAM empty indicator 
202 (block 310). If this indicator is set to 1 indicating that 
the receive SRAM buffer 18a is empty, the CPU 66 checks 
whether the transmit SRAM empty indicator 200 is set to 1 
(block 312). If so, the CPU 66 concludes that the transmit 
SRAM buffer 18b is empty and enables the system to be 
placed into a power-down mode (block 314). 

If during operations 306 to 312, the CPU 66 determines 
that the transmit idle indicator 204, receive idle indicator 
206, receive SRAM empty indicator 202 or transmit SRAM 
empty indicator 200 is not set to 1, the CPU 66 returns to the 
operation 304 to continue checking activity of the network 
50. 

Thus, the present invention provides a network interface 
having indicators of network activity that allow a host CPU 
to place the System in a power-down mode without losing 
data being transmitted to or received from the network. 
What is claimed is: 
1. In a computer System controlled by a host and having 

power management capabilities for Supporting a power 
Saving mode, a network interface comprising: 

a buffer memory, 
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6 
a media access control (MAC) block for Supporting 

interface to a network, and 
a power management indication mechanism for providing 

the host with information on network activity when the 
System is placed in the power Saving mode, 

wherein the power management indication mechanism 
comprises a MAC indicator representing Status of the 
MAC block activity. 

2. The system of claim 1, wherein the MAC indicator 
comprises a transmit idle indicator Set to a preset State when 
the MAX block does not transmit data to the network and no 
data is waiting to be transmitted to the network. 

3. The system of claim 2, wherein the MAX indicator 
further comprises a receive idle indicator Set to a preset State 
when the MAX block detects no data to be received from the 
network. 

4. In a computer System controlled by a host and having 
power management capabilities for Supporting a power 
Saving mode, a network interface comprising: 

a buffer memory, 
a media access control (MAC) block for Supporting 

interface to a network, and a power management indi 
cation mechanism for providing the host with informa 
tion when the System is placed in the power Saving 
mode, 

wherein the power management indication mechanism 
comprises a buffer memory indicator representing Sta 
tus of the buffer memory in the power Saving mode. 

5. The system of claim 4, wherein the buffer memory 
indicator comprises a transmit buffer empty indicator Set to 
a preset State when a transmit portion of the buffer memory 
is empty. 

6. The system of claim 5, wherein the buffer memory 
indicator further comprises a receive buffer empty indicator 
Set to a present State when a receive portion of the buffer 
memory is empty. 

7. A method of providing power management in a com 
puter System having a network interface module including a 
buffer memory and a MAC block, the method comprising 
the Steps of: 

(a) determining whether the System is inactive during a 
predetermined time period, 

(b) checking activity of the MAC block if the system is 
inactive during the predetermined time period, 

(c) checking status of the buffer memory if the MAC 
block is idle, and 

(d) placing the System into a power-down mode if the 
buffer memory is empty. 

8. The method of claim 7, wherein the step (b) comprises 
checking whether the MAC block transmits data to the 
network and whether data is waiting to be transmitted to the 
network. 

9. The method of claim 8, wherein the step (b) further 
comprises determining whether the MAC block detects data 
to be received from the network. 

10. The method of claim 7, wherein the step (c) comprises 
detecting whether a receive portion of the buffer memory is 
empty. 

11. The method of claim 10, wherein the step (c) further 
comprises detecting whether a transmit portion of the buffer 
memory is empty. 
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